This study examines the extent of integration of liberalized African equity markets with the US, the world, the BRIC countries, and other emerging markets. Specifically, we examine the relationship between seven African markets, namely those of Kenya, South Africa, Mauritius, Tunisia, Egypt, Zambia, and Morocco with the World market index and the US market index. In addition, the relationship between the African markets and the BRIC countries, and the Emerging Market Index is analyzed. We investigate, whether there are pure contagion effects in the markets under consideration during the (US) financial crisis of 2008. A bivariate VAR-GARCH-BEKK model is used in the analysis. Our empirical findings support the notion that these markets are still green for investment and provide portfolio benefits. Diversification benefits with African stock markets are dwindling over the years, but these benefits do not disappear entirely. Furthermore, the increased correlations between the African and the developed markets are still small, in comparison with correlations found between developed markets
Model Specification
The Autogressive Conditional Heteroscedasticity (ARCH) process proposed by Engle (1982) and the generalised ARCH (GARCH) by Bollerslev (1986) , are both well-known methods in volatility modelling of stock returns. In examining market integration between countries, however, a multivariate GARCH approach is commonly preferred over univariate settings. We start our empirical specification with a bivariate VAR-GARCH (1, 1) model that accommodates each market's returns, and the returns from the other (compared to) markets lag one period (Note 2). where r t is an n×1 vector of daily returns, at the time t for each market. The n×1 vector of random errors  t represents the innovation for each market at time t, with its corresponding n×n conditional variance-covariance matrix H t . The market information available at time t-1 is represented by the information set  t-1 . The n×1 vector, α, represents the constant. The "own market" mean spill-overs and the cross-market mean spill-overs are measured by the estimates of matrix  elements, the parameters of the vector autoregressive term. This multivariate structure thus facilitates the measurement of the effects of innovations in the mean stock returns of one series on its own lagged returns, and those of the lagged returns of other markets. Given the above expression, and following Engle and Kroner (1995) , the conditional covariance matrix can be stated as: 
where the parameter matrices for the variance equation are defined as C 0 , which is restricted to be lower triangular and two unrestricted matrices γ 11 and λ 11 . Thus, the second moment can be represented by: Following Engle and Kroner (1995) , the above system can be estimated by the maximum likelihood estimation, which can be optimised by using the Berndt, Hall, Hall, and Hausman (BHHH, 1974) algorithm. From equations (4), we obtain the conditional log likelihood function L() for a sample of T observations:
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where  denotes the vector of all the unknown parameters. Numerical maximisation of equation (4) yields the maximum likelihood estimates with asymptotic standard errors.
Finally, to test the null hypothesis that the model is correctly specified, or equivalently, that the noise terms, t, are random, the Ljung-Box Q-statistic is used. It is assumed to be asymptotically distributed as χ2 with (p -k) degrees of freedom, where k is the number of explanatory variables.
Data and Descriptive Statistics
The data used in this study stretches over a period of fifteen (15) (2003); Mlambo et al (2005) , this study adjusts for thin trading through a Moving Average (MA) process that fixes the problem of non-trading. An AR (1) of the form r = α +βr t-1 + εt and by using the residuals from the equation, the adjusted returns are calculated as follows: rtadj = εt / (1-β). Table 1 presents the descriptive statistics of the data used. The first row of Table 1 shows the average annualized arithmetic mean of each return series used. During the time period of the study, the US markets earned 29.6% on average, whereas the average annual return of WMI, EMI, and the BRIC markets were 23.3%, 53.7%, and 61.0%, respectively. Of the seven African stock markets, Zambia has the highest return of 102% per annum, followed by the South African markets who on average have annual return of 84%. The lowest earning market of the seven was the Kenyan market, with an annual return of approximately 13%. The returns of the other four Africa markets remained within the range of 40% -55% per annum. Kenyan market return remained below all four benchmark indices. The standard deviation as a measure of volatility, or risk, shows that the Zambian market is the most volatile, with annualized standard deviation of 30.15%. This may be attributable to the fact that the equity market of Zambia is very new, and investors may be wary of its long-term survival. The Egyptian Furthermore, we can note that statistically speaking investors have a higher probability of reaping positive results on the average in the positively skewed markets, than on the markets with negative skewness. This is confirmed by the Jarque-Berra (JB) test for normality. The null hypothesis for JB test of normality is rejected for all the indices, meaning that the return distributions are non-normal.
The Adjusted Dickey Fuller (ADF) test was used to check the presence of unit root in the data while KPSS test was used to test for stationarity. As shown in Table 1 , ADF statistics of all indices are statistically significant at the 1% level, meaning that the null hypothesis is rejected in favor of the alternate hypothesis of no unit root presence in the data. The KPSS test, on the other hand, has a null hypothesis of stationarity and as depicted in Table 1 , all KPSS statistics were statistically insignificant, meaning that the data is stationary. "LB" in Table 1 represents the Ljung-Box Q-statistics for residual serial correlation up to the 15th order. The LB statistic shows that there is autocorrelation in returns for all the indices, and this signifies the presence of ARCH effects -this is confirmed by the ARCH-LM test. All the indices are statistically significant at 1% significance level, and have large values again signifying the presence of ARCH effects in the data, and hence the selection of the VAR-GARCH-BEKK model is justified. Figure 1 shows that all the series under consideration exhibit some form of volatility clustering at some point of time. The MSCI benchmark index for the US, as shown in Figure 1 , shows unusually high volatility clustering towards the end of the year 2008; this can be attributed to the sub-prime crisis events around that period.
WMI, EMI, and the MSCI BRIC index also show some spikes during the same period. Intuitively, it can be supposed from looking at the figure that, the African markets that are likely to be correlated with the world market, and the US market also exhibit high volatility clustering during the same time periods. Table 1 panel B shows the correlations between the time series. Zambian and Kenyan markets are the least correlated with all other markets and with both the WMI and EMI. The South African markets are not significantly correlated with the USMI, but more so with most of other considered markets and indices; this can be partially attributed to the fact that they are included in in the EMI. Within Africa, South Africa is highly correlated with the Tunisian, the Moroccan, the Egyptian, and the Mauritian markets. As neighbors in the North of Africa, Moroccan markets are highly correlated with the Tunisian markets, while both also correlate strongly with the EMI, the BRIC index, and to a smaller degree, with the WMI.
Empirical Results
The empirical results section presents the results of the study and also answers the research questions posed in the introduction part of this study. Among other things, this study examines, whether international linkages between the African, the US, and the World markets exist, after the African financial liberalization. It also examines the returns and volatility spillovers among thinly traded African equity markets and their international counterparts. Finally, the study establishes the potential of stock markets in Africa, to provide insights into portfolio diversification. The selected African markets are studied pairwise with each one of the four indices -BRIC, EMI, WMI, and USMI. Hence a total of 28 pairs are studied using the VAR-GARCH-BEKK model.
First, the parameter β in the mean equation, Eq. (1) is analyzed. The matrix β presents the return dynamics between the African stock markets and WMI, USMI, EMI, and the BRIC Market Index. The diagonal parameters βii and βjj depict the auto-correlation of returns. The off-diagonal parameters βij and βji depict the return spillovers across the markets. First four parameters, as depicted in the Tables 3-9 , present the matrix β in the mean equation. This part of the equation captures the linkages between the markets with respect to the returns. The pairwise models show that diagonal parameter βii that shows the autocorrelation within the market analysed is mostly significant in all markets (full sample) except for Tunisia, Morocco, and Zambia. This suggests that the returns of the South Africa, Kenya, Mauritius, and Egypt are dependent on the one-period lagged returns. However, the past returns of Tunisian, Moroccan, and Zambian markets do not statistically explain the current period returns. In other words, the current shocks in retuns within South Africa, Kenya, Mauritius, and Egypt will have a high influence on the one-period-ahead returns, within these markets, compared to the same effect in Tunisia, Morocco, and in Zambia. The off-diagonal parameters βij and βji, which reveal the return spillovers across the markets, are as follows: South Africa receives past returns spillover from the BRIC group of countries. South Africa is also influenced by past innovations from EMI, and influenced massively by USMI past innovations. More so, the past innovations also from the WMI influence the South African market returns. The evidence of returns spillover between South Africa, WMI, and USMI indicates that there are strong linkages between these markets. Conversely, the South African market exports past return innovations to the EMI, emphasizing that there is a bi-directional relationship between the South African markets and EMI. The size of the South Africa market, with respect to market capitalization and liquidity in Africa and the world at large, explains the high level of return spillover between the South Africa, US markets and the World markets.
At the 10% significance level, Tunisia receives a meager amount of past innovations from the BRIC group of countries. Tunisia receives nothing from the rest of the markets. It however, exports past innovation to the USMI. This is an indication that the Tunisian market is still very much segmented and isolated from the other world markets. The Egyptian markets, as one of the major markets in Africa, with respect to market capitalization Next, the time-varying variance-covariance is analyzed and attention is focused on the parameters γ and δ shown in the Table 2-8. These parameters capture the pair-wise volatility dynamics within, and across the markets. The diagonal estimates in matrix γ show the ARCH effects, whereas the diagonal estimates in matrix δ capture the GARCH effect. The off-diagonal estimates, on the other hand, present the cross-market shock transmission and volatility spillovers across the markets. The estimated diagonal parameters, γii, γjj and δii, δjj, as depicted in Tables 3-9, show that for all studied markets all the studied parameters are statistically significant, and implying that lagged shocks and volatility have a major impact on the conditional variance of all the seven African markets, examined in this study. The off-diagonal estimates γij and γji present the cross-markets shock transmission between each of the pairs. As www.ccsenet.org/ibr
International Business Research Vol. 7, No. 9; 2014 38 shown in Tables 3-9 , South Africa receives shock transmission from all MSCI indices under consideration, notably from the USMI and from the WMI. We found a bi-directional relationship between South Africa and WMI, as well as the BRIC markets. Egypt is integrated with the US market in that it receives shocks from the US markets and exports shocks to the US and into the World Markets. Kenyan markets, like the South African markets, exhibit a very strong level of integration with all the indices in the study and especially with the USMI and the WMI and receive shock spillover from all these markets. It also exports shock volatility to all the benchmark markets under consideration. Shock-transmission between the Tunisian market and the studied market indices indicates that the Tunisian market is highly segmented from the US and the World markets. Moroccan markets also seem to be rather segmented from the US and the World markets. Zambian market exhibits traits that identify it to be segmented from the WMI, however with BRIC it shows the existence of a bi-directional relation. Finally, Mauritian markets, mainly export shocks to US and World markets; Mauritius is thereby less integrated with the WMI and USMI. Further, we present the off-diagonal estimates δij and δji, candidates for the volatility spillovers between the www.ccsenet.org/ibr
International Business Research Vol. 7, No. 9; 2014 39 pairs. In the corresponding Tables 3-9 , it can be seen that the direction of movement between the shocks and volatility spillovers between the markets are almost the same, but they have different effect sizes. South African markets receive volatility spillover from three of the four major indices, but not from the BRIC index and transmit volatility spillovers to all the four markets. Egypt receives volatility spillovers from the World markets and exports them to the US markets. Kenya receives volatility spillovers from all the markets and exports spillovers to all the markets, underscoring a very high level of integration with the World and the US. Tunisia, a segmented market, exports volatility spillovers to none of the markets and receives no effects from the other markets -this is the same to some extent with Morocco and Zambia. Mauritian markets only export volatility spillovers to the other markets, without receiving any effects back.
The results can be summarized by observing that out of the seven markets studied, South Africa, Kenya, and Egypt are very integrated with the US and the World markets. On the other hand Tunisia, Morocco and Zambia exhibit traits of high level segmentation from the world and US markets. Further, a very special case exists with respect to Mauritius in that it exports volatility to all the markets under consideration but receives none back which makes it difficult to classify as segmented or integrated. (2000), we explain contagion as the instance, in which the degree of international transmission of shocks "far exceeds" market expectations. Existing literature confirms that liberalization leads to market integration, and in turn may result in increased contagion. Contagion from another standpoint is defined as the co-movement of the markets, especially in times of crisis. This definition is employed in this study to try to establish, if there were contagion effects during the 2008 US financial crisis in the African stock markets. The most severe part of the US financial crisis started in early September 2008, and it lasted for 6 months until early March 2009. It is estimated that the US stock market fell during that time by 43%, the Emerging markets by 50%, and frontier markets by 60% (Samarakoon 2011) . To estimate the contagion effects, the used data is divided into two samples, namely to a sample that represents the "stable" pre-crisis period, and to a sample from during the crisis period. Following Forbes and Rigobon (2002) , as a first step, we measure contagion by comparing the cross-market linkage at the time of the pre-crisis period and the same linkage during the crisis period, through correlation. For a survey on contagion effects globally, see, e.g., Dong & Guo (2012) . Table 7 . Tunisia In addition to pairwise correlations, we again utilize VAR-GARCH-BEKK model to identify the pure contagion, both in returns and in volatility. Our results, presented in Tables 2-8, confirm that all the markets were prone to contagion from the US and the World markets (see, crisis period column in the tables). Our analysis shows that there were pure contagion effects during the US financial crisis of 2008. Kenya, South Africa, Egypt, and Mauritius were the most affected countries during the crisis period. This is not unexpected in light of the results presented earlier. 
Conclusion
The existence of integration between the South African, Egyptian, The US, and The World markets has been extensively established in the literature, it is therefore not surprising that the results of this study confirmed these findings. Surprisingly, the level of integration between the Kenyan, the US, and the World markets is also found to be significant; this is a new finding. Kenya, like South Africa, exhibits a strong level of integration with all the indices used in this study, and especially with the USMI and the WMI.
Our empirical findings support the notion that these markets are still young and rather undeveloped, and that they can be used to create benefits in portfolio diversification. Diversification benefits with African stock markets are diminishing over the years, but the benefits do not disappear entirely. Furthermore, the increased correlations between the African and the developed markets are still small, when compared to the correlations between developed countries' markets (Harvey 1993) . Divecha et al. (1992) found that these Emerging and Frontier Emerging markets, even though they are volatile, tend to be uncorrelated to other developed markets, signaling that investment into these markets may yield lower portfolio risks. We found that the correlation of African markets movement, with both regional and the World markets increased during the US subprime crisis, which suggests that the markets tend to move in tandem with the developed markets during bear markets. This leads to a conjecture that the benefits of diversifying investment across African stock markets could drop during crisis periods. This is not very different from what other studies have found previously.
